Objective: To investigate the reciprocal relationship between unhealthy eating behaviours and depressive symptoms from childhood to adolescence. Design: Unhealthy eating behaviours were measured by the frequencies of eating foods with excess salt, sugar or fat in the past week. Depressive symptoms in the past two weeks were measured using a seven-item scale. Hierarchical linear growth models were used to analyse longitudinal associations between unhealthy eating behaviours and depressive symptoms. Time-fixed variables (sex, parents' education level and household monthly income) and time-varying variables (parents' marital status, family activities, body weight, vegetable or fruit consumption, exercising and smoking) were controlled for. Setting: The Child and Adolescent Behaviors in Long-Term Evolution study, which commenced in 2001 and has annual follow-up. Subjects: Students (n 2630) followed from 2nd grade (8 years old in 2002) to 11th grade. Results: The frequency of unhealthy eating behaviours in the previous year and the difference between the frequency in the previous and successive year were positively associated with the initiation and growth rate of depressive symptoms. Depressive symptoms in the previous year and the difference in depressive symptoms between the previous and successive year were positively associated with the initial state and growth rate of unhealthy eating behaviours. Conclusions: Our results suggest a reciprocal relationship between depressive symptoms and unhealthy eating behaviours. This relationship should be considered when developing programmes targeting depressive symptoms and unhealthy diet in children and adolescents.
Depressive disorders are a leading cause of disability-adjusted life years that occur throughout the world (1) . Depressive disorders commence in childhood. A meta-analysis of predominantly Western studies found a prevalence of major depressive disorder of 2·8 % in those aged less than 13 years and of 5·6 % in those aged 13-18 years (2) . A Taiwanese study reported a prevalence of 12·3 % in adolescents aged [13] [14] [15] [16] [17] [18] years, demonstrating the importance of this issue in Taiwan (3) . Diet is one of the many factors associated with depression (4) and the dietary habits of children and adolescents have changed over time (5) . In the USA both the proportion of sweetened drinks and the amount of beverages consumed by 6-11-year-olds have increased significantly between 1989 and 2008. Additionally, the consumption of caloric nutritional beverages has decreased (6) . In China between 1991 and 2009, the prevalence of snack foods, the frequency of daily snack food consumption and the percentage of total daily energy intake from snacks have also all demonstrated significant annual increases, particularly in children (7) . Although snack foods in China include low-energy-density fruits and grains, the proportion of snacks that are sweetened drinks or fast foods has continued to increase. In Taiwan, the [2001] [2002] Nutrition and Health Survey of 6-12-year-olds found that intakes of protein-rich foods, salts/sauces and fats/oils were higher than Taiwanese daily recommended intakes whereas intakes of fruit, vegetables, cereals/grains and dairy products were lower than recommended (8) . A large body of research has already examined the relationship between unhealthy eating behaviours and depression (9) (10) (11) (12) (13) (14) (15) (16) (17) . In such research, unhealthy eating behaviours refer to the behaviour that results in high intakes of energy, refined sugar, animal protein, saturated fat and salt, and low intake of fibre. Such diets tend to be energy dense or full of empty energy. The majority of studies have found a positive relationship between unhealthy eating behaviours and depression (9) (10) (11) (12) (13) (14) 17, 18) , with only a small number finding no support for this relationship (16) . In cross-sectional studies of Australian adult women (13) or adolescents aged 10-14 years (11) , Jacka et al. found that a higher Western diet score was associated with greater depressive symptoms. A cross-sectional survey of adults in Norway found that a healthy diet (a dietary pattern characterized by vegetables, fruit, meat, fish and whole grains) was associated with fewer depressive symptoms and an unhealthy diet (i.e. a Western diet) was associated with more anxiety symptoms (12) . Asian cross-sectional research on adolescents in China (17) and Korea (14) has found a significant positive association between depression and consumption of fast foods and processed foods. However, longitudinal research on this association is limited. In longitudinal research by Jacka et al., in those aged 60-64 years at baseline a lower healthy diet score and a higher unhealthy diet score were both predictive of depressive symptoms. However, this relationship was not observed in the younger age groups (10) . Unhealthy eating could lead to depressive symptoms through a number of potential physiological mechanisms. Depressive emotions are associated with the dysregulation of neurotransmitter (e.g. serotonin) production and the synthesis of adequate amounts of neurotransmitters is associated with the availability of the nutrient tryptophan from dietary sources (19, 20) . Tryptophan, an essential amino acid, is a precursor of serotonin and can be found in protein-rich foods (21) . In addition, several types of dietary lipid are important for brain membrane function and could be related to the aetiology of depression-related symptoms. This could explain why a diet low in n-3 PUFA may induce depression/anxiety-related behaviour through the role of n-3 on cell membrane fluidity or membrane lipid composition in the brain (22) . A high-fat, high-refined-sugar diet could also impair levels of brain-derived neurotrophic factor in the hippocampus, which could be another indirect underlying mechanism (23, 24) . Having a behaviour of taking unhealthy food frequently might lead to high intakes of fat and refined sugar and reduce the intakes of other nutrients.
In contrast to the perspective that poor diet leads to depression, research also points to the potential for depressive symptoms to lead to unhealthy eating. Empirical research has shown that middle-aged women with depressive symptoms consume more fast foods (25) , saturated fat and total sugars (26) . Adolescents with depressive symptoms perceive more barriers to eating a healthy diet (27) and adolescent girls may use snacks and junk food to regulate depressive symptoms (28) . A study of children aged 5-11 years found that children with poorer psychological health were more likely to consume soda/sweetened drinks, French fries/fried potatoes and fast foods (29) . However, a more recent retrospective study in adults found that prior depression history was significantly associated with a betterquality diet at a later time point, while current depressive symptoms were associated with poorer dietary habits (30) . This finding demonstrates that the influence of depression on dietary habits may differ in longitudinal studies and emphasizes the importance of longitudinal research when investigating the relationship between depression and diet.
Depressive symptoms may lead to more unhealthy choices through emotional eating behaviour, where food is used as a way of regulating negative emotions (26, 31, 32) . Different foods can result in different emotional responses (33) . Most sweet foods make people feel happy whereas bitter or sour foods have the opposite effect. Sweet and fatty foods make people feel good and alleviate stress via opioidergic and dopaminergic neurotransmitters and enhanced function of the serotonergic system (33) . Therefore, when people suffering from depression perceive stress they prefer to eat sugar-or fat-rich foods (33) . Depression can also lead to decreased motivation to perform healthy behaviours, leading to increased consumption of high-energy foods (27, 34) . The above-mentioned studies suggest that the relationship between depressive symptoms and unhealthy eating behaviours is reciprocal. Although some studies have mentioned the possibility of reciprocal causation (13, 35) , no studies have been able to confirm this. The establishment of a bidirectional relationship would have important implications for the development of educational strategies and health policy aimed at reducing unhealthy eating and preventing depression.
In summary, past studies in this area have the following limitations. (i) They have examined only a unidirectional relationship: either the impact of diet on depression or the impact of depression on diet. (ii) They have been mostly of cross-sectional design. (iii) Research participants have been adolescents or adults rather than children. However, since the relationship between depressive symptoms and unhealthy eating behaviours can develop during childhood (36) , from a prevention perspective it is essential to examine this relationship from childhood.
Therefore, the present study aimed to investigate the bidirectional relationship between unhealthy eating behaviours and depressive symptoms from childhood to adolescence. We used longitudinal data from Taiwan that followed students annually from the 2nd grade (8 years old) to the 11th grade (17 years old). We investigated how the frequency of unhealthy eating behaviours in a given year and the change in frequency between that year and the subsequent year influenced the level of depressive symptoms in the subsequent year and vice versa.
Methods
Data for the present study were drawn from the Child and Adolescent Behaviors in Long-Term Evolution (CABLE) study. CABLE commenced in 2001 and has annual followup assessments (37, 38) . CABLE aims to monitor developments in children's health behaviours and their associated factors on the basis of an ecological model that considers intrapersonal, interpersonal and organizational aspects. The clustered sampling frame comprised all public elementary schools in two areas in Taiwan: Taipei city and Hsinchu County. Nine schools were randomly selected from each area. The 1st graders (cohort 1) and 4th graders (cohort 2) in each school were enrolled as the baseline cohorts. Details about sampling procedure, sample size determination and instrument development of the CABLE study have been published elsewhere (38) . Self-administered student-version questionnaires were provided to students. Until the 9th grade, data collection was conducted in classrooms by trained interviewers. From the 10th grade onwards, data collection was conducted by the Fieldwork Operation Center of the Health Survey and Health Promotion Administration, Ministry of Health and Welfare, Taiwan. Participants were interviewed individually by trained interviewers. All parents of participants provided signed informed consent. Parental information, including education level, family income and marital status, were obtained from parentalversion questionnaires completed by the primary caregiver from the first wave to the fourth wave of the survey. The project was approved by the Human Research Medical Ethics Committee of the National Health Research Institutes (approval code EC9009003).
The present study analyses data from cohort 1 of CABLE. Because questions about unhealthy eating behaviours were first included in 2002, the study includes the students of cohort 1 who were 2nd graders in 2002 (8 years old) and who were followed until the 11th grade in 2011 (17 years old) and had participated in at least two survey waves. Follow-up rates of cohort 1 ranged from 98·09 % in 2002 to 85·14 % in 2011 (39) . Reasons for loss to follow-up included moving, refusing to participate, poor health and loss of contact. Altogether, 2630 students had complete data for the study variables ( Fig. 1 ).
There were no differences between the analytic sample and the sample with missing data in terms of sex, household monthly income, family activity score, depressive symptoms and unhealthy eating behaviours. However, those with missing data were significantly more likely to have parents who were not married (13·69 % v. 8·39 %) or parents with low education (10·08 % v. 5·54 %; both P < 0·05).
Dependent variables
The depressive symptom scale was based on Kovacs' Children's Depression Inventory (CDI) (40, 41) and the Center for Epidemiological Studies Depression Scale for Children (42, 43) . The scale was reviewed by ten experts in psychology, behavioural science and health education (38) . The scale contains seven items: (i) loss of appetite; (ii) feeling sad; (iii) crying for no reason; (iv) getting upset over nothing; (v) feeling scared; (vi) difficulty sleeping; and (vii) lack of motivation to do anything in the previous two weeks. Possible responses were never (score = 1), once or twice (score = 2) or many times (score = 3). Scores for each item were summed to provide a depressive symptoms score. Scores ranged from 7 to 21, with a higher score indicating a greater number of depressive symptoms. Cronbach's α values ranged from 0·66 to 0·81 across the ten waves, indicating an acceptable level of internal consistency. This scale has been used in previous studies (37, 44, 45) . Unhealthy eating behaviours were measured with three questions: (i) How often did you eat fast foods (such as hamburgers, French fries, fried chicken, instant noodles and pizza) during the past week? (ii) How often did you eat snacks (such as potato chips, cookies, candy, cakes and chocolate) during the past week? and (iii) How often did you drink sweetened beverages (such as soft drinks, sweetened juice, sweetened tea, ice pop and ice cream) during the past week? A four-point scale was used: never (score = 1), once or twice (score = 2), many times (score = 3) or almost every day (score = 4). Scores from each question were added to give a total score for each year that ranged from 3 to 12. Cronbach's α values ranged from 0·53 to 0·65 across the ten waves. The Spearman correlation coefficients for these three questions showed a significant (P < 0·0001) positive association across the ten waves. Factor analysis showed that these three items loaded onto a single factor in each survey year with a cumulative explained variance of 52-59 %.
Potential confounding variables
Potential confounding variables were included as either timefixed variables or time-varying variables. The conceptual framework is illustrated in Fig. 2 . All time-fixed variables (i.e. sex (46, 47) , parental education level (48, 49) and monthly household income (49, 50) ) were based on data collected in 2002. As the nature of these variables was relatively stable, missing values were imputed from available information in the successive year. Parents' highest education level and monthly household income were obtained from the parentversion questionnaires. Parents' highest education level (i.e. the highest level of education between the father and mother) was categorized as: (i) low (junior high school or lower); (ii) medium (senior high school or vocational school); or (iii) high (university or above). Monthly household income was divided into the following categories: (i) low (less than 59 999 new Taiwan dollars (NTD; 1 NTD ≈0·03 $US)); (ii) medium (60 000-119 999 NTD); or (iii) high (more than 120 000 NTD).
Time-varying variables included parents' marital status (51, 52) , family activity score (5, 45) , body weight (53, 54) , consumption of fruit or vegetables (11, 55) , exercise participation (53, 56) and smoking (53, 57) . Parents' marital status was categorized as married or not married (i.e. separated, widowed or divorced). This variable was obtained from the parent-version questionnaire from 2002 to 2004 and from the student-version questionnaire from 2005 to 2010. Family activity, an aspect of the CABLE Family Interactions Scale (45) , includes activities that children did with their parents in the previous week. These include talking, eating, doing housework, doing homework and going out somewhere. Responses ranged from 1 to 4 (1 = never, 2 = one or two days, 3 = many days, 4 = every day). The sum of these five activities (5 to (58) . Fruit or vegetable consumption was defined as eating at least some fruit or vegetables more than three days per week. Participating in exercise was defined as exercising more than three days per week in addition to attending physical education classes. Smoking was defined as any smoking (including one puff) during the past month.
Statistical analysis
Descriptive statistics for categorical variables are given as numbers and percentages. Continuous variables are given as means and standard deviations. The statistical software package SAS version 9·2 was used to generate descriptive statistics.
Hierarchical linear growth modelling in MLwiN 2·27 was used to investigate reciprocal causation between the two variables (59, 60) . The units of the study sample lay at two hierarchical levels: time and individuals. The statistical model was as follows:
Â Ã where i denotes a time point, j denotes an individual, Y ij denotes the level of the variables of individual j at time i, β 0 is the mean score at i = 0, and β 1 is the slope of the growth rate. Random effects are represented by u 0j , u 1j and e ij , and fixed effects by β 0 and β 1 . The intercepts have variances σ The time-varying variables and the baseline variables were added to the models:
Â Ã
where Z kðiÀ1Þj denotes a time-varying independent variable, iÀ1 denotes a time-lag effect, α k is the coefficient, W mj denotes a time-fixed variable and γ m is the coefficient. Likelihood ratio tests were used to compare models. Independent variable values from the previous year were used to predict the dependent variable in the subsequent year. Therefore, time = 0 for the dependent variable is 2003. Continuous variables included in models were centred at the group mean. Therefore, the initial state in the present study refers to the mean value obtained when continuous variables are centred using the group mean, categorical variables are set at 0 (the referent group) and the year is set at 2003.
Results
The distribution of time-fixed variables is shown in Table 1 . There were equal numbers of boys and girls in the study. A medium level of education in parents was the most common. About 40 % of families had a medium level of household monthly income and 35 % had a low level. The distribution of time-varying variables is shown in Table 2 and Fig. 3 . The mean depressive symptoms score increased over time, as did the mean unhealthy diet score. The family activities score increased annually until the 5th grade, after which it gradually declined. Over 90 % of parents were married to each other. About 20 % of participants were underweight. The proportion of participants who were overweight was highest in grade 6 and obesity was highest in grade 7. The proportion of participants who ate fruit or vegetables was highest in 2007 (7th grade) and then decreased. The trend for the proportion of participants who exercised demonstrated an inverted U-shaped curve, with a peak in 2007 (7th grade). The proportion of smokers increased over time.
The results of growth curve models are shown in Table 3 . In models a1 to a3, depressive symptoms score was the dependent variable; in models b1 to b3, unhealthy eating behaviour was the dependent variable. We carried out modelling in three stages. First, we used model a1 to demonstrate the trajectory of depressive symptoms, including the initial state and growth rate, during a given year (t i ). Second, we added the frequency of unhealthy eating behaviour in the previous year (t iÀ1 ) and the difference in frequency between the given year and the previous year (t i Àt iÀ1 ) to examine the relationship between unhealthy eating and depressive symptoms (model a2) . Third, baseline variables and time-varying variables were added (model a3). Models b1 to b3 were conducted in the same way, except that the dependent variable was unhealthy eating.
The initial score of depressive symptoms in the sample was 10·250 with a variance of 0·048, and the growth rate was 0·102 per year with a variance of 0·009 (Table 3,  model a1 ). Model a2 demonstrated that unhealthy eating in the previous year (B = 0·192, SE = 0·019) and the change in unhealthy eating between these two years (B = 0·141, SE = 0·013) were positively associated with depressive symptoms in the given year. Model a3 showed that the associations between unhealthy eating in the previous year and depressive symptoms remained significant (B = 0·190, SE = 0·019) after controlling for covariates. Girls had a higher level of depressive symptoms than boys. Participants who had higher scores for family activities (B = -0·019, SE = 0·007), ate more fruit or vegetables (B = − 0·199, SE = 0·056) and exercised (B = − 0·221, SE = 0·040) more in the previous year were less likely to have depressive symptoms in the given year.
Model b1 showed that unhealthy eating behaviours increased with time. The growth rate was 0·123 with a variance of 0·005. Model b2 showed that depressive symptoms in the previous year (B = 0·066, SE = 0·007) and the change in depressive symptoms between the two years (B = 0·053, SE = 0·005) were positively related to unhealthy eating behaviours in the subsequent year. Model b3 showed that the association between depressive symptoms (B = 0·065, SE = 0·007) in the previous year and unhealthy eating behaviours remained after controlling for other factors. Boys were more likely to have unhealthy eating behaviours than girls (B = -0·199, SE = 0·041). Participants who were underweight (B = 0·122, SE = 0·035) in the previous year ate more unhealthily in the subsequent year.
Discussion
The present study utilized a cohort to examine the reciprocal relationship between unhealthy eating behaviour and depressive symptoms. After controlling for confounders, we found that depressive symptoms significantly increased unhealthy eating behaviours and unhealthy eating behaviours significantly increased depressive symptoms, demonstrating a longitudinal reciprocal relationship. This is the first study trying to establish the relationship.
Both depressive symptoms and unhealthy eating behaviours increased slightly from childhood to adolescence. The finding that depressive symptoms increased slightly over time is in agreement with the results of a previous prospective longitudinal study (61) , in which the CDI was used to measure depressive symptoms in children in grade 4 to grade 11 and a small mean annual score increase of 0·031 was observed. This increase over time could be because adolescence is a period in which many new life challenges are confronted, resulting in more conflict and pressure compared with childhood, and leading to psychological problems such as depressive symptoms (62) . The increase in unhealthy eating habits over time is also in agreement with previous research. A recent review (5) reported increased consumption of snacks (including high-salt snacks), sweetened beverages and takeaway foods by children and adolescents in the USA and Europe. This increase in unhealthy food consumption could be related to a nutritional transition influenced by urbanization, economic development and changes in food technology and culture (63) . The unhealthy eating behaviours measured in our study showed only a slight increase over time, suggesting that these behaviours do not change greatly from childhood to adolescence. This agrees with findings from Kelder et al. in a 7-year longitudinal study of 6th graders that reported early consolidation of food preferences (64) . Our finding that unhealthy eating behaviours can lead to depressive symptoms from childhood to adolescence is in agreement with previous research in adults (12, 13) and adolescents (11, 17, 18) . We also found a time-lag effect in the impact of diet on depressive symptoms in that eating habits in the previous year predicted depressive symptoms in the subsequent year. This finding supports that reported by Akbaraly et al. (9) and Jacka et al. (10) . Balanced nutritional intake is an important factor in the synthesis of mood-related neurotransmitters. Consumption of junk food, which is energy dense but lacks micronutrients, may result in excess intake of sugar, salt or fat and may cause reduced synthesis of neurotransmitters (19) . We also found that depressive symptoms influence unhealthy eating behaviours during childhood and adolescence. This could be because of the self-regulatory attempt to relieve depressive symptoms by eating comfort foods, which are usually high in fat and carbohydrates (31, 32) . Our findings support past research showing that children can also display emotional eating behaviour when confronting stress and are more likely to choose high-sugar and high-fat foods (36) . Although children are not in control of the family finances they can still influence their parents' food purchases (65) , which is why food manufacturers target children in their advertising (66) . This also means that when children are facing depressive symptoms, it is possible for them to obtain the comfort foods they want to eat regardless of their lack of financial independence.
We found that depressive symptoms in the previous year were predictive of unhealthy eating behaviours in the subsequent year, thus demonstrating a time-lag effect. This finding differs from that of Jacka et al. (30) who found that prior depression was associated with better-quality diets at a later time point, while current depressive symptoms were associated with poorer dietary habits. The present 
B, estimated parameter. Significant estimates (P < 0·05) are indicated in bold font.
study differs from that of Jacka et al. in the timing of measurements. In our study depressive symptoms were measured annually and were used to predict eating habits in the subsequent one year. However, in the study by Jacka et al. any history of depression at a non-specified point in the past was used to predict dietary habits throughout the survey period. In addition, in the present study we began measurements during childhood whereas in Jacka et al. the study participants were aged 20 years and over. These points could explain the difference in findings.
Strengths and limitations
An important strength of the present study is the use of longitudinal data with ten years of follow-up. Moreover, follow-up commenced when participants were children, and unhealthy eating habits and depressive symptoms were measured the same way each year. A further strength is the adjustment for many confounders including timefixed and time-varying variables. The study extends previous investigations by confirming that the association between unhealthy eating behaviours and depressive symptoms remains after adjustment for several confounders and that there are time-lag effects. However, our study also has several limitations. (i) The CABLE questionnaire measured the frequency of unhealthy diet behaviours with only three questions. Nevertheless, these three questions were sufficient to measure the consumption of high-fat, high-sugar and high-salt foods and this approach has been used previously in other studies (9, 20) .
(ii) Some potential confounders were not adjusted for such as stress, which is associated with both depression and unhealthy diet. Previous research has shown that high-pressure situations are associated with greater intake of unhealthy foods (high-energy or high-fat foods) (67) and a greater likelihood of developing depression and experiencing negative emotions (50) . Therefore, it is possible that there are residual confounding effects (10) and we recommend that future research adjusts for such variables. (iii) We found that children with parents who were not married or had low education were more likely to be lost to follow-up and this should be taken into consideration when interpreting the study results. As having parents who are not married or have low education increases the risk of an unhealthy diet or depressive symptoms, it is possible that our study has underestimated the association between unhealthy eating and depressive symptoms. (iv) Finally, as the study was a longitudinal one some data sources changed during follow-up. The two main changes were: the source of parents' marital status changed from the parent-version to the student-version questionnaire; and the source of height and weight changed from the physical examination to be self-reported in the student-version questionnaire. Although statistical methods were used to control for these changes, it is still possible that this change in data source resulted in bias.
Conclusion
We confirmed that there is a reciprocal relationship between depressive symptoms and unhealthy diet using a set of longitudinal data. The study's findings are of use in the design of healthy diet and psychological health interventions for children and adolescents. We recommend that future interventions be aimed at both healthy eating habits and depression. Such programmes could emphasize daily eating habits and the impact of diet on emotions particularly during depression, where it is important not to use high-fat, high-salt and high-sugar foods to manage emotions. We also recommend that when designing future school health strategies, children are encouraged to record both their eating habits and emotions to help them understand the relationship between dietary behaviour and emotions. Future longitudinal research should use more detailed dietary measurement approaches such as dietary recall that are consistently used throughout follow-up to explore in more detail the relationship between eating habits and depressive symptoms.
